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VERTICALLY STACKABLE INTEGRATED 
CIRCUIT 

FIELD OF THE INVENTION 

This invention relates generally to packaging of integrated 
circuits and more particularly to interconnection of pack 
aged integrated circuits. 

BACKGROUND OF THE INVENTION 

It is often desirable in computer systems to alloW for 
upgrading or addition of various integrated circuits or 
printed circuit boards. For example, it is often desirable to 
alloW various chips, such as the microprocessor, to be 
replaceable to provide greater performance. It is also desir 
able to alloW additional chips such as memory chips to be 
added. From a user’s perspective, it is preferable that 
upgrades be capable of being performed by untrained per 
sonnel With a minimum of tools. From a system designer’s 
perspective, the capability for additional or different parts 
must be designed into the system. In particular, With respect 
to additional parts such as memory chips or cards, careful 
consideration must be given to the placement of such chips 
or cards to ensure timing requirements are met. Such timing 
requirements are particularly stringent for high-performance 
systems that operate at high clock rates. 

Add-in cards, Which comprise one or more integrated 
circuits on a printed circuit board offer a Well knoWn 
component add-in capability. An example of such an add-in 
card is described in US. Pat. No. 4,656,605 to Clayton 
entitled “Single In-Line Memory Module.” Increasingly, 
there is a need to alloW addition or replacement of additional 
chips, as the functions performed on cards become inte 
grated into single chips. Ideally, such chips should be user 
installable, and require little or no tools or specialiZed 
knowledge. 

SUMMARY OF THE INVENTION 

In a principal aspect, the present invention alloWs easier 
replacement and addition of packaged integrated circuits to 
an electronic system. In accordance With the principles of 
the present invention, a ?rst packaged integrated circuit 
comprises a ?rst set of electrical connection elements dis 
posed on an upper surface of the ?rst packaged integrated 
circuit, and a second packaged integrated circuit comprises 
a second set of electrical connection elements disposed on a 
loWer surface of the second packaged integrated circuit. At 
least a portion of the second set of electrical connection 
elements are arranged to electrically couple, and to non 
-destructively decouple, With corresponding electrical con 
nection elements of the ?rst set of electrical connection 
elements by application of manual force. 

Advantageously, embodiments employing the foregoing 
principles provide simpli?ed addition and/or replacement of 
integrated circuits. No additional tools are required and little 
or no specialiZed knoWledge is required. AlloWing addi 
tional integrated circuits to be positioned above existing 
components alloWs increased performance by reducing the 
total length signals betWeen signals in the tWo integrated 
circuits. The positional relationship achieved betWeen tWo 
integrated circuits employing the principles described herein 
also reduces the variation betWeen signal path lengths, 
thereby providing for more predictable signal response. 

These and other features and advantages of the invention 
Will be understood by considering the folloWing detailed 
description of certain preferred embodiments. In the course 
of this description, reference Will be made to the attached 
draWings. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) are cross-sectional side vieWs of a 
?rst embodiment of ?rst and second packaged integrated 
circuits employing the principles of the present invention. 

FIG. 2 is a cross-sectional side vieW of ?rst, second and 
third packaged integrated circuits employing the principles 
of the present invention. 

FIG. 3 is a cross-sectional side vieW of a variation of the 
arrangement of FIG. 2. 

FIG. 4 is a simpli?ed schematic illustrating an electrical 
coupling of packaged integrated circuits employing the 
principles of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In FIG. 1(a), a ?rst packaged integrated circuit 102, 
includes a plurality of electrical ?rst interconnection ele 
ments 104 attached to a ?rst surface 106 of the integrated 
circuit 102. The ?rst interconnection elements 104 prefer 
ably take the form of solder balls arranged in an array on the 
surface 106 of the integrated circuit 102. In an exemplary 
embodiment, the solder balls 104 take the form of electrical 
interconnection elements typically found on Ball Grid Array 
(BGA) type packaging for semiconductor circuits. The inte 
grated circuit 102 is comprised of a substrate 108, and an 
integrated circuit die 110 mounted on the substrate 108, and 
housed Within a mold cap 112. The integrated circuit 102 
also includes second interconnection elements 114 mounted 
to a second surface 116, opposite to the ?rst surface 106 of 
the integrated circuit. The second interconnection elements 
114 are physically attached to substrate 108 and are each 
electrically coupled to semiconductor die 110 by a trace 125 
and an appropriate bonding Wire, such as shoWn at 127. The 
exact manner in Which electrical second interconnection 
element 114 is attached to substrate 108 and electrically 
coupled to semiconductor die 110 is not critical and may 
take a number of forms. Preferably, second interconnection 
element 114 is positioned along a periphery of substrate 108. 
The trace 125 is imprinted on or Within substrate 108 and is 
connected to semiconductor die 110 by Way of bonding Wire 
127. The second interconnection elements 114 provide an 
electrical path for certain signals to be transmitted betWeen 
semiconductor die 110 and a semiconductor die 118 
mounted Within packaged integrated circuit 120. The inter 
connection elements 104 are physically attached to substrate 
108 and are each electrically coupled to semiconductor die 
110 by a trace 129 that extends through substrate 108 and is 
connected to an appropriate bonding Wire 127. Integrated 
circuit 102 is preferably formed by modifying a conven 
tional BGA-type package such as available from Amkor 
Technology, Santa Clara, Calif. 

Packaged integrated circuit 120 includes semiconductor 
die 118 mounted to substrate 122 and enclosed Within a mold 
cap 124. Integrated circuit 120 has a ?rst surface 126 
attached to a plurality of electrical interconnection elements 
128. Interconnection elements 128 in such an embodiment 
takes the form of a pin such as found in conventional Pin 
Grid Array (PGA) structures for semiconductor chips. The 
interconnection elements 128 are each electrically coupled 
to semiconductor die 118 by a trace 131 and a bonding Wire 
133. The trace 131 extends through substrate 122 and is 
connected to bonding Wire 133. The interconnection ele 
ments 128 in an exemplary embodiment are positioned 
around the periphery of the integrated circuit 120 and are 
formed to mechanically and electrically couple With corre 
sponding second interconnection elements 114 on integrated 
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circuit 102. Second interconnection elements 114 each pref 
erably take the form of a cylindrical female receptor pin With 
a conical section 135 formed in an upper portion of a 
receptor hole 137 to guide the male element 128 into the 
receptor hole 137. This structure advantageously facilitates 
?tting of the male element 128 into the female element 114. 
The female element 114 is preferably siZed to alloW a 
pressure ?t, by manually applied force, betWeen elements 
114 and 128 suf?cient to alloW reliable electrical and 
mechanical coupling While alloWing element 128 to be 
removed non-destructively, by manually applied force, from 
element 114. 

FIG. 1(b) illustrates integrated circuits 102 and 120 posi 
tioned in a manner to cause mechanical and electrical 
coupling betWeen interconnection elements 114 and inter 
connection elements 128. The arrangement of the intercon 
nection elements 114 and 128 alloW the circuits 120 and 102 
to be mechanically and electrically coupled in a vertical 
arrangement. This arrangement minimizes space consumed 
on a circuit board Within an electronic system such as a 

personal computer. Moreover, the vertical relationship 
betWeen integrated circuits 102 and 120 minimiZes the 
distance for electrical pathWays betWeen integrated circuit 
102 and integrated circuit 120. Electrical performance is 
therefore superior to a system utiliZing a third interconnec 
tion system such as a mother board or an add-in card, in 
Which signals are transmitted from, for example, integrated 
circuit 102 via interconnection elements 104 across traces 
and imprinted on a circuit board to corresponding intercon 
nection elements and integrated circuit 120. As Will be 
appreciated by those skilled in the art, such an arrangement 
results in a greater average electrical interconnection dis 
tance betWeen the tWo connected devices. Moreover, the 
variation betWeen maXimum and minimum signal traces to 
alloW multiple signals to be transmitted betWeen the tWo 
integrated circuits is minimiZed in the arrangement shoWn in 
FIGS. 1(a) and 1(b) in comparison to a conventional 
arrangement in Which tWo integrated circuits are intercon 
nected by Way of a printed circuit board. 

The arrangement shoWn in FIGS. 1(a) and 1(b) may be 
eXtended to alloW coupling of additional integrated circuits 
such as shoWn in FIG. 2. As shoWn in FIG. 2, a third 
integrated circuit 202 is coupled to integrated circuit 120. 
Integrated circuit 120 is modi?ed to include interconnection 
elements 204, Which are mechanically attached and electri 
cally coupled to integrated circuit 120 in a manner similar to 
interconnection elements 114 With respect to integrated 
circuit 102. Interconnection elements 204 can also take a 
form similar to the structure of interconnection elements 
114. 

FIGS. 1(a) and 1(b) shoW only the portion of integrated 
circuit 102 in Which an interconnection element 114 is 
coupled to the signal on semiconductor die 110. The cou 
pling of interconnection elements such as 104 to semicon 
ductor die 110 are performed in a conventional manner as 
typically found in BGA-type packages. Advantageously, 
such packages may be readily modi?ed to achieve the 
structures shoWn in FIGS. 1(a) and 1(b). 

The integrated circuits shoWn in FIGS. 1(a), 1(b) and 2 
take a form commonly knoWn as a “cavity-up” package. 
This con?guration is commonly used in standard Ball Grid 
Array (BGA) or Pin Grid Array (PGA) type packaging. The 
term “cavity-up” typically refers to the positioning of the 
semiconductor die on an upper surface of the substrate of the 
chip. “Cavity-down” type packaging is also commonly 
available and is typically used to achieve higher perfor 
mance. In cavity-doWn type packaging, the semiconductor 
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4 
die is positioned to a loWer surface of the integrated circuit 
substrate. This type of packaging is shoWn in simpli?ed 
form in FIG. 3 Which shoWs integrated circuits 102,120 and 
202 each in a cavity-doWn type package. In FIG. 3, inte 
grated circuit 102 takes the form of a cavity-doWn type high 
performance BGA type package in Which the semiconductor 
die 110 is positioned on a loWer surface 106 of substrate 108 
and is surrounded by an encapsulant 304. The electrical 
interconnection elements 104 are positioned around a 
periphery of the substrate 108. The interconnection elements 
114 are positioned upon upper surface 116. The semicon 
ductor die 110 is positioned on surface 106, as are intercon 
nection elements 104. Integrated circuits 120 and 202 are 
similar to integrated circuit 102 eXcept that the balls of the 
BGA-type package of 102 are replaced in 120 and 202 With 
pins, as commonly found on PGA type packaging. 
As shoWn in FIG. 3, the integrated circuit 102 includes a 

heat spreader 302, Which comprises a thermally conductive 
material, such as copper, attached to upper surface 116 of 
substrate 108. Heat spreader 302 can occupy only a portion 
of the surface 116 or alternatively can occupy substantially 
the entire surface 116. Both the heat spreader 302 and 
exterior of the interconnection element 114 are generally 
formed of electrically conductive material and therefore, in 
order to prevent an electrical short, the heat spreader 302 
should not physically contact the element 114. Alternatively, 
insulating material can be provided to electrically insulate 
element 114 from heat spreader 302 if the heat spreader is, 
or can eXpected to be (because of variations in manufactur 
ing processes), in contact With element 114. 
The eXact form of packaging, cavity-up, cavity-doWn, or 

some alternative structure is not critical and can vary With 
the requirements of a particular application. The arrange 
ments shoWn in FIGS. 1(a), 1(b), 2 and 3 can include 
combinations of integrated circuits packaged in cavity-up, 
cavity-doWn, or alternative structures, so long as the inter 
connection elements 114 and corresponding interconnection 
elements 128 are compatible. 
The packaging described in the embodiments herein may 

be used to advantage in a number of applications. In an 
eXemplary embodiment, the packaging used herein can be 
used in a graphics controller corresponding to integrated 
circuit 102 and in a memory device corresponding to inte 
grated circuit 120. Graphics controllers are requiring 
increasingly larger amounts of memory to handle larger 
displays With higher resolution and greater piXel depths. 
Certain graphics controllers such as the ViRGE MXi graph 
ics controller available from S3 Incorporated, Santa Clara, 
Calif., contain frame buffer memory Within the graphics 
controller circuit. Certain users hoWever, may ?nd it ben 
e?cial to upgrade the memory capacity contained Within the 
graphics controller. In such a situation, the graphics con 
troller may be packaged in a manner similar to integrated 
circuit 102 and an integrated circuit containing memory in 
the form of dynamic random access memory, for eXample, 
may be packaged in the manner shoWn for integrated circuit 
120. The graphics controller can then be provided as a 
standard component of a personal computer and the upgrad 
able memory can then be subsequently installed by a user by 
aligning the interconnection elements 128 With correspond 
ing interconnection elements 114 and manually pressing the 
integrated circuit 120 doWn on to integrated circuit 102 to 
cause mechanical and electrical coupling betWeen intercon 
nection elements 114 and interconnection elements 128. 
When the integrated circuits 102 and 120 correspond to a 

graphics controller and a memory device respectively, the 
interconnection elements 114 and 128 operate to transmit 
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address signals, data signals and control signals between 
graphics controller and the memory device. In such an 
embodiment, the appropriate address, data and control sig 
nals are coupled to interconnection elements 114 to achieve 
an electrical connection shoWn schematically in FIG. 4. 

In FIG. 4, address data and control signals contained 
Within integrated circuit 120 are shoWn generally at 402. 
Interconnection elements 114 are electrically coupled to the 
signals 402 in parallel in a manner shoWn in FIG. 4 to alloW 
address data and control signals, Which are transmitted to 
structures Within integrated circuit 120, to also be transmit 
ted to integrated circuit 102. In addition, certain dedicated 
signals, such as bank select signals for eXample, Which are 
not transmitted internally to any destinations internally 
Within integrated circuit 120 may be coupled to intercon 
nection elements 114. 

It is to be understood that the speci?c mechanisms and 
techniques Which have been described herein are merely 
illustrative of one application of the principles of the present 
invention. Structures such as heat sinks and other heat 
dispersion structures may be added to the structures dis 
closed herein. In addition, the structures disclosed herein 
may be modi?ed to provide greater heat dispersion capa 
bilities. Numerous additional modi?cations may be made to 
the methods and apparatus described herein Without depart 
ing from the true spirit of the invention. 
What is claimed is: 
1. Apparatus comprising: 
a ?rst packaged integrated circuit comprising a ?rst 

semiconductor die and a ?rst set of electrical intercon 
nection elements disposed on a surface of said ?rst 
packaged integrated circuit, the ?rst semiconductor die 
positioned in said ?rst packaged integrated circuit in a 
“cavity-down” arrangement; and 

a second packaged integrated circuit comprising a second 
semiconductor die, a second set of electrical intercon 
nection elements disposed on a loWer surface of said 
second packaged integrated circuit, and a third set of 
electrical interconnection elements disposed on an 
upper surface of said second packaged integrated 
circuit, said second set of electrical interconnection 
elements being arranged to electrically couple and 
non-destructively decouple With corresponding electri 
cal interconnection elements of said ?rst set of electri 
cal interconnection elements by application of manual 
force, said second semiconductor die serving as an 
electrical interface betWeen said second and third sets 
of electrical interconnection elements. 

2. Apparatus as set forth in claim 1 Wherein said second 
semiconductor die is positioned in said second packaged 
integrated circuit in a “cavity-down” arrangement. 

3. Apparatus as set forth in claim 1 Wherein said ?rst 
semiconductor die is positioned in said ?rst packaged inte 
grated circuit in a “cavity-up” arrangement. 

4. Apparatus comprising: 
a ?rst packaged integrated circuit comprising a ?rst 

semiconductor die and a ?rst set of electrical intercon 
nection elements disposed on a surface of said ?rst 
packaged integrated circuit; and 

a second packaged integrated circuit comprising a second 
semiconductor die, a second set of electrical intercon 
nection elements disposed on a loWer surface of said 
second packaged integrated circuit, and a third set of 
electrical interconnection elements disposed on an 
upper surface of said second packaged integrated 
circuit, said second set of electrical interconnection 
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elements being arranged to electrically couple and 
non-destructively decouple With corresponding electri 
cal interconnection elements of said ?rst set of electri 
cal interconnection elements by application of manual 
force, said second semiconductor die serving as an 
electrical interface betWeen said second and third sets 
of electrical interconnection elements and Wherein said 
second semiconductor die is positioned in said second 
packaged integrated circuit in a “cavity-down” arrange 
ment. 

5. Apparatus as set forth in claim 1 Wherein said second 
semiconductor die is positioned in said second packaged 
integrated circuit in a “cavity-up” arrangement. 

6. Apparatus as set forth in claim 1, said apparatus further 
comprising a third packaged integrated circuit comprising a 
fourth set of electrical interconnection elements disposed on 
a loWer surface of said third packaged integrated circuit, said 
fourth set of electrical interconnection elements being 
arranged to electrically couple and to non-destructively 
decouple With corresponding electrical interconnection ele 
ments of said third set of electrical interconnection elements 
by application of manual force. 

7. Apparatus comprising: 
a ?rst packaged integrated circuit comprising, 

a ?rst set of electrical interconnection elements 
arranged on a ?rst surface of said ?rst packaged 
integrated circuit; and 

a second set of electrical interconnection elements 
arranged on a second surface of said ?rst packaged 
integrated circuit, said second surface being opposite 
from said ?rst surface and said second surface com 
prising a substrate having a ?rst side and a second 
side upon Which a thermally conductive material 
resides, said second set of electrical interconnection 
elements arranged upon said second surface; 

a ?rst semiconductor die residing upon said ?rst side of 
said substrate; and 

a second packaged integrated circuit comprising, 
a third set of electrical interconnection elements 

arranged on a ?rst surface of said second packaged 
integrated circuit and shaped to mechanically and 
electrically couple to said second set of electrical 
interconnection elements; 

a fourth set of electrical interconnection elements 
arranged on a second surface of said second pack 
aged integrated circuit; and 

a second semiconductor die residing upon said second 
packaged integrated circuit and serving as an elec 
trical interface betWeen said third and fourth sets of 
electrical interconnection elements. 

8. Apparatus as set forth in claim 7 Wherein said second 
set of electrical interconnection elements are manually and 
electrically coupled to said third set of electrical intercon 
nection elements by application of manual force. 

9. Apparatus as set forth in claim 8 Wherein said second 
set of electrical interconnection elements are capable of 
being non-destructively mechanically and electrically 
de-coupled from said third set of electrical interconnection 
elements by application of manual force. 

10. Apparatus as set forth in claim 7 Wherein said ?rst set 
of electrical interconnection elements comprise solder balls 
formed to comprise a ball grid array type arrangement. 

11. Apparatus comprising: 
a ?rst packaged integrated circuit comprising, 

a ?rst set of electrical interconnection elements 
arranged on a ?rst surface of said ?rst packaged 
integrated circuit; and 
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a second set of electrical interconnection elements a second semiconductor die residing upon said second 
arranged on a second surface of said ?rst packaged packaged integrated Circuit and Serving as an elec. 
integrated Circuib Said Second Surface being Opposite trical interface betWeen said third and fourth sets of 
from said ?rst surface and comprising a substrate electrical interconnection elements_ 
having a ?rst side and a second side upon Which a 
thermally conductive material resides, said second 
set of electrical interconnection elements arranged 

12. Apparatus as set forth in claim 11 Wherein said second 
set of electrical interconnection elements are manually and 

upon Said Second Surface and extending through electrically coupled to said third set of electrical intercon 
openings in said thermally conductive material; nection elements by application of manual force. 

a ?rst Semiconductor die residing upon Said ?rst Side of 10 13. Apparatus as set forth in claim 12 Wherein said second 
Said Substrate; and set of electrical interconnection elements are capable of 

a Second Packaged integrated Circuit Comprising being non-destructively mechanically and electrically 
a third Set of electrical interconnection elements de-coupled from said third set of electrical interconnection 

arranged on a ?rst surface of said second packaged 
integrated circuit and shaped to mechanically and 15 _ _ _ _ 
electrically Couple to Said Second Set of electrical 14. Apparatus as set forth in claim 11 wherein said ?rst set 
interconnection elements; of electrical interconnection elements comprise solder balls 

a fourth set of electrical interconnection elements fOfIIled t0 COIIIPIiSfI a ball grid array type arrangement. 
arranged on a second surface of said second pack 
aged integrated circuit; and * * * * * 

elements by application of manual force. 


